Root Mean Square Charge Radii of 12C, 14N and 160
Hans Alfred Bentz
Institut für Technische Kernphysik der Technischen Hochschule Darmstadt (Z. Nalurforsch. 21a, 858-859 [1969] ; received 9 April 1969) From elastic electron scattering between 30 and 60 MeV, the following essentially model independent rms charge radii (fm) have been deduced: 2.395 + 0.028 (12C) ; 2.492 + 0.033 (14N) ;2.666± 0.033 (160). An improved value for 9Be is (2.43 ±0.08) fm.
With the Darmstadt electron linear accelerator (E 60 MeV), elastic electron scattering from carbon, nitrogen and oxygen has been studied at low momen tum transfer. The experimental arrangement described in 1 was changed by replacing the counter in the focal plane of the spectrometer by a 20-channel ladder 2, and the beam monitor by a large Faraday c u p 3. Cross sec tions wrere measured relative to that for the proton with gas targets 4 filled with CH4 , N2 , 0 2 or H 2 gas. It is possible to interpret the data as measurements for 12C, 14N and 160 since the other isotopes are rare and the corresponding corrections negligible.
Measurements were made at 53 MeV (scattering angles (9 = 93, 105, 117, 129 degrees), at 0 = 93 de grees (30, 38, 45, 53, 60 MeV), and at constant mo mentum transfer (g2 = 0.10 fm-2; 0 = 93, 105, 117, 129 degrees). The experimental cross-section ratios were analysed with a phase shift program of B ü h r i n g 5' 6. The proton cross section was calculated as in 7 with Rm (H) = (0.80 + 0.02) fm 8. A so called "halo" effect discussed recently 9' 10 was not taken into account. Such an effect cancels in forming rms radii from cross-section ratios10. For convenience, shell mo del harmonic oscillator charge distributions according The results are presented in Table 1 together with a revised value for 9Be deduced from Ref. 6 with the new value for R m (C). The errors include statistical as well as systematic effects. Possible dispersion effects n , which should be small for our nuclei and energies are not included in the errors. The dependence of R m on the functional form of the charge distribution is esti mated to be less than 0.3% when one considers only distributions which are compatible with high energy electron scattering. The errors do not include this small uncertainty. The influence of magnetic dipole and elec tric quadrupole scattering on the cross section of 14N (less than 2-10-4) was corrected for. The ratios of the rms radii, also given in Table 1 , have lower relative errors than the absolute values because some of the systematic errors cancel.
For rms radii deduced from high energy electron scattering experiments, the reader is referred to Refs. 8. 12. 13 j h g essentially model independent radii pre sented here may be combined with such measurements to obtain a better knowledge of the nuclear charge dis-tribution. Results from muonic X-ray energies14 are in agreement with Table 1, but they are less accurate for these light nuclei.
Knowledge of rms charge radii is important for the interpretation of various experimental data such as Coulomb energy differences of analogue states, (p, 2p) and (e, e'p) reactions 12' 15. The discussion of Coulomb energy differences by W i l k i n s o n and H ay 16 is an especially interesting application because information on the charge independence of nuclear forces may be obtained. In this connection, it should be noted that, in contrast to the evidence 15 from the earlier measure ments, the radii of 12C, 14N and 160 are not equal but show an A 1/3 dependence.
A more detailed account of this experiment will be published in Z. Physik. I wish to thank Professor Dr. P. B r i x for his interest in this work and Dr. H. F r a n k for making his experience with gas targets available. 
